MITRAL insufficiency is well recognized in association with certain congenital cardiac anomalies. Reports of c.ongenital mitral insufficiency as an isolated anomaly, however, are rare; 1-3 review of the literature reveals only 20 such cases. The pathologic anatomy of the condition has been described by Edwards and Burchell.4 This report concerns clinical, hemodynamic, and angiocardiographic findings in seven patients in whom the age of onset and the absence of a history of carditis indicate isolated congenital mitral insufficiency. In each of the cases reported here, left ventricular angiocardiograms were made. The volumes of the left atrium and ventricle wvere calculated according to the method of Arvidsson,5 and the degree of regurgitation has been quantitated. Absolute measurement of chamber volumes and regurgitant flow extends significantly the description of the hemodynamics in such conditions and allows for more meaningful interpretation of the criteria used for diagnostic purposes.
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Methods

Cardiac Catheterization
Cardiac catheterization was performed as described by Wood and Swan 6 with premedication as described by Moffitt and associates.7 The right axillary vein and artery were isolated under local anesthes a. The left ventricle was entered by passing the catheter retrograde through the aortic valve from the axillary artery. Calculations of the Ry/v ratio were made from the wedged pulmonary artery tracings according to the method of Owen esthetized with nitrous oxide and oxygen. Halothane, in concentrations of less than 1 per cent, was used for brief periods. In all cases, 100 per cent oxygen was administered for at least 60 seconds prior to angiocardiography. Contrast medium -sodium and methylglucamine diatrizoate (Renovist), 1.3 to 1.7 ml. per Kg.-was injected mechanically through a no. 6, 7, or 8 Rodriguez catheter in 0.9 to 3.4 seconds. The injection was made into the sinus of the left ventricle in each case, but an additional angiocardiogram was made with injection into the right ventricle in case 7. Simultaneous anteroposterior and lateral exposures were made at six frames per second during left heart opacification, with a roll-film or cut-film changer. * The electrocardiogram, arterial pressure, and the time of x-ray exposures were recorded simultaneously to permit correlation of the radiographic appearance with the events of the cardiac cycle.
Measurements of Angiocardiograms for
Calculation of Volumes
Only those films showing complete opacificationi of the left ventricle wvere measured. Measurements were made as indicated in figure 1 , and read to the nearest 1 mm. Estimation of chamber volume was carried out by the method of Arvidsson.5 The volume of the left atrium (V-,AX) is a correction factor has been derived: 7 .37 in which VE is the corrected left ventricular ejection volume.
This correction factor was applied to all values for VED-VES obtained angiocardiographically.
Arterial Indicator-Dilution Curves
Arterial indicator-dilution curves for calculation of cardiac output were recorded, 1 to 3 minutes prior to angiocardiography, at the femoral artery after injection of 2.5 or 5 mg. of indicator * into the same chamber used for injection of contrast medium. Cardiac output wxas calculated according Ito the method of Hamilton 10 and was divided by the heart rate during inscription of the curve to give the stroke volume, SV, which was subtracted from the corrected left ventricular ejection volume, VE, to give a value for regurgitant flaw, V,R.
Cardiac output with the patient awake vas obtained from indicator-dilution curves performed with injection into the main pulmonary artery.
These curves were also used to obtain CL/CR ratios as an inidex of valvular insufficiency as described by Wood anid Woodward.11
Results
The principal clinical features are given in table 1 and the hemodynamic and angiocardiographic data are summarized in table 2. The mean pulmonary arterial wedge pres-* Cardio-green, from Hynsoni, Westeott and Duinning, Baltimore, Marylandl. sure was elevated in case 2 and at the upper range of normal for children in case 3. For cases 2 and 4, the Ry/v ratio was in the range fouind in cases of mitral insufficiency. Calcuilation of the Ry/v ratio in the remaining cases has little rneaning, since the wvedge piressui.res were nlot elevated. Pulmonary vasc iilar resistance was normal in all instances in which it could be measured.
In cases 3 to 7, the contour of the indicatordilution curve was within the range of normal, but, in cases 1 and 2, there was significant prolongation of the disappearance phase of the culrve consistent with the presence of valvular insufficiency. Maximal and minimal left atrial volumes were increased above the range of normal in all cases in which measurement was possible, as was the difference between maximal and minimal volumes ( fig. 3a and table 2). Left atrial opacification was inadequate for measurement purposes in cases 3 and 6.
Left ventricular volumes (VEI) and VES)
were calculated in all cases and all were increased significantly above the normal range ( fig. 3b and table 2 ). The left ventricular ejection volume (VIE ])-ViES) was grossly increased in cases 1 and 2 and moderately in- fig. 4 ).
Angiocardiographic Appearances
In each case, contrast me(cdiumiiinjecte(l iito tlh left venitr-iele was seeni to regutrgitate into) the left atrium. Reguirgitation oeccurred before aortic opacification in case 1, xvhen only tlhe root of the aorta liad opacified in cases 2 ainld 4, alnd wbhen the aortic arch was opacified in eases 3, 5, 6, and 7. In ease 2, the left atriuimn was eniormously enilarged (fig. .5a) but nio reguirgitation of conltrast mediumiii into pulmnoñ ary vein.s was seen, a finding presient in eases 1, 4, and 7 ( fig. 6 ). An alnuormal ridge of iits1.cle was st8eii posteriorly in tle left venitr-icle ini case1 7 ( fig. 5b) . Cases 3 and 6 both e,xlhilbited dilatation of tlhe sinu.ses of Valsalva aiId aortic root ( fig. 5c and] dl).
D)iseusslon Clinical Observations
Since the lhiemodvynamics of isolatedclngeinital mitral insuifficiency are similar. to those of mitral insuifficiency from aniy other cauise. the physical signs anid roenitgenologic and celectrocardiogr-aphie findings are identical (table 1). Enlargemenit of the left atriunm may reach aneturyssmal proportions; tllis was a featture of the first case of conigeniital mitral insuifficiency reported in the literature ':' anid of case 2 reported here.
A congeniital basis for the lesion imiay be established at opera.tioni or at niecropsy. Failing this, anid in the absence of associated conIgeniital lheart lesions, suelh ani etiology may be assuin-med whleni the miuntrnwir is heard verx earlv in life prior to tlhe age wheni acqutiired valvuilar lesionis are expected. In six of the seven cases reported lere, the miiurimuirwas detected at 2 years of age or less and nionie of the patienits lhad a history of carditis. There xvas operative evidence as to the anatomic nature of the lesioni in cases 1 anid 2. In case I, the an-iteri.or leaflet of the miiitral valve was deficien-t in mnaniy portions, witlh nulmerouis folds extenidiing to the free margin. Thle miinor leaflet wx as small anid n-ot freely inol)ile. Commissuiral tissuie was (leficien-t. The trienuspiol valve was also grossly insuifficienit, with an(e.iqssentially similar appearance. Botl vaIves weret excised aid replacedl by Starr-Eolxvards ball-valve prostheses. On lisicontintiinig cardiopuilmoniary bypass, thier.e wxas a progressive rise in riglht ventrictular pressure aiil the pJatient failed to sturvive. It xvas tlhouight that death xwas dtue to tlhe sexerer pi1lmiioniary vas;cular disease that had been foutndl oluntinig 1u)peoerative stu.idies. Necropsy dlemonstrated tlhickeniniig and lhyaliinization of inusenilar puilmoniary arteries xvith obstructive intimal proliferationi and scattered foci of acute arteritis represenitinig tiniusulally severe pulinoinary vascullar disease. There vas no histo-361 l logic evidence of previous carditis. XVe have been unable to find a similar case reported in the literature.
In case 2, the patient was found to have a cleft in the anterior leaflet of the mitral valve and no atrial or ventricular septal defect. This type of lesion probably results from faulty embryogenesis of the endocardial cushions and may be a variant of common atrioventricular canal. Three similar cases have been reported.3, 14, 15 Mitral insufficiency occurs in the Marfan syndrome. 16 Heart disease associated with this syndrome can be classified as degenerative, since the diathesis, but not the defect, is present at birth."' Mitral murmurs in the Marfan syndrome have been heard at birth,'however, and the valvular involvement may, in such instances, be truly congenital. Two of the patients described here (cases 3 and 6) had body features suggestive of the Marfan syndrome and both were demonstrated to have dilatation of the ascending aorta at angiocardiography, a finding common in this syndrome. The electrocardiogram in case 6 resembled, in certain respects, that described in some cases of the Marfan syndrome."8
Volume Calculations
The accuracy of determinations of volume of left heart chambers by biplane angiocardiography is well established. Errors arise when there is an abnormal rhythm during filming or when atrial opacification is inadequate for measurement purposes. Injection of contrast medium into the pulmonary artery reduces these complications. In the present study, contrast medium was injected into the left ventricle but an additional injection was made into the pulmonary artery in case 7. Both sets of films were measured with respect to left heart volumes and showed good agreement. Other potential errors in the determination have been recognized 19, 20 and tend to result in an overestimate of ventricular volume. Dodge and co-workers 21 used contrast-filled postmortem hearts and models to investigate five methods based on the ellipsoid5 for calculating left ventricular volume angiocardiographically. For the best model, the calculated volumes exceeded the measured volumes by approximately 10 per cent and a regression equation was derived to eliminate the overestimate.
Perhaps the strongest evidence for the accuracy of volume measurements in vivo lies in the agreement between estimates of stroke volume by angiocardiography on the one hand and by the Fick22 and the dye methods 23 on the other. In the group of 26 subjects with no valvular insufficiency studied in this laboratory, however, the regression equation, Y-7.30+0.991 X, indicates an overestimate of 12 per cent (table 2) , which is similar in direction and magnituide to that found by others.23
Quantitation of Regurgitant Volume
The presence of mitral insufficiency is established when injection of contrast medium into the left ventricle is followed by significant regurgitation in the absence of abnormality of cardiac rhythm. Quantitation of such regurgitation has been attempted by estimating the intensity of left atrial opacification24 1 or by comparing the time relationship of left atrial and aortic opacification. 26 On the basis of such methods, cases 1 and 2 would be classified as having severe, case 4 as moderate, and cases 3, 5, 6, and 7 as mild, mitral insufficiency. 
Relationship of Regurgitation to Ventricular Volume
In the absence of a marked inerease in lheart rate anid in the presence of a regurgitant flox, a norinal cardiae ou1tpitt c.an h)'e maintained iby (1 ) ani. increase in the proportion of en-iddiastolic volume ejected as total stroke voluime or (2) an increase in end-diastolic voluime, the proportioni ejected by the ventriele remiiaining approximately the same. Otur resuilts shlow that it is the latter. menelaiismii whliei is operatinig. ThuIis, while there were considerable increases in eind-diastolic volumiieIC, the total left ventriiciular ejection volumne (Vl: V ;) averaged 59 per cent of end-(liastolic volurme (VE D), whiclh is, in fact, a somnewhat smaller proportioni than that fonIIId by us (67 per cenit) in 18 subjects with normal left ventricles who xvere studied uinder identical conditionis. Similar valtues for per cenit ejection can] be derived frnom data reported in adults, by l)odge anid associates, ' a i9 ad in chlildren withoult inisuiffiicieny, )y Buinniell anid coworkers,s4> in regard to the proportioni of enddiastolic voltume ejected. Siimilar restults lhave been obtained ininormal dogs. Thus, the children described hereini were, able to maintain a reasonable forvard floxv as a restult of a suib.stantial increase in enld-diastollic volumiiie (figs. 3 and 4) . The inereases in enddiastolic, end-systolic, aiucl regurgitant volumes serve effectively to categorize the severity of insufficienicy.
Left Atrial Volumes
In the present series, both absolute atrial volumes and changes in atrial volume were, like the ventricular voluimes, significantly increased above the normal ranige ( fig. 4 ). In Circul/aton, Volume XXIX, MiarlN/ 1964 eiojtuinctionj vitlh the abnormal ventricu-ilar volumines, these changes in atrial voluime reinforce the oliagnosis of mitr-al insufficiency and categorize its severity. In niormal subjects or in1 patients with mitrcal stensosis, the mnagnitude of the clhanige in atrial voluime is less than the stroke volum]ne. In n mitral insufficiency, the clhanige in atrial volu-me, altlhouiglh greater, still may not equal the total v olunie of blood ejected by tlt, left vxntriele (r-egurgitanit pluis forlward flow) .. Since the atritlm is never a closed chamber, part of the reguirgitant flox (.an be accom iodated in piilipmonary veins and, in cases 1 anld 7, in xvhichi the chanige in atrial voltumle was less tlaiin venitr.icuilar stroke vxollule, contrast mnediuim was seeni to pass fr-om the left venitriele into the pilmiioniary veinis ( fig. 6 ). Minimal regurgitation into ptul- 3MILLER, BROWN, SWIAN monary veins was also seen in case 4, in which atrial volume change was nearly equal to left ventricular stroke volume.
Diagnostic Implications
Assessment of regurgitant volume on the basis of left atrial pressure pulses, whether direct or indirect (pulmonary arterial wedge pressure), is notoriously susceptible to error. Of the measurements available, the Ry/v ratio commonly is regarded as the least unreliable.'" However, in cases 4 to 7, left atrial pressure was not increased sufficiently to make such calculations meaningful, despite significant regurgitation.
Indices of regurgitation derived from indicator-dilution curves are also subject to error. Gross distortion of the curve occurs when the left atrial volume is large; conversely, a small left atrium may produce little distortion of the curve despite a relatively large regurgitanit flow.3 34 " Distortion of the inidicator-diluition curve was pronounced in cases 1 and 2, in which there was considerable left atrial enlargement. In the remaining cases there was no significant distortion of the indicator-dilution curves recorded at a peripheral arterial sampling site (C1/C1L ratio <0.65), despite significant regurgitation. The present cases demonstrate that, while abnormality in either the wedge-pressure pulse or the indicatordilution curve may offer evidence for the presence of significant mitral regurgitation, there are some cases with hemodynamically significant regurgitation in which neither the pressure pulse nor the indicator-dilution curve may show abnormality of diagnostic significance. Quantitative estimates of regurgitant volume based on either of these methods,5' 11 therefore, are unlikely to give uniformly consistent results.
The technic described in this paper permits direct evaluation of regurgitation and appears to be a satisfactory method for recognition and approximate quantitation of mitral insufficiency. Moreover, a new dimension-volume and volume change-is added to the description of the hemodynamics of congenital mitral insufficiency.
Summary
Clinical, hemodynamic, and angiocardiographic findings are described in seven cases of congenital mitral insufficiency. The volumes and changes in volume of the left atrium and left ventricle were calculated from the angiocardiograms and were found to be increased above the range of normal. Left ventricular stroke volumes thus obtained were compared with forward flows calculated from indicatordilution curves in order to (quantitate regurgitant flow. Regurgitant flows varied betweeni 19 and 94 per cent of the total left ventricular ejection volume, and forward flow was maintained as a result of a considerable increase in left ventricular volume. The left ventricular ejection volume was 50 to 64 per cent of the end-diastolic volume.
